associated with these organisms. Possibly, past cases of paratuberculosis in nonhuman primates were misdiagnosed as Mycobacterium avium subsp. avium infection prior to the advent of DNA probe technology. radiometric detection of Mycobacterium paratuberculosis by using filter-concentrated bovine fecal specimens. J Clin Microbiol 28:2514-2519. 5 
Metastatic pulmonary adenocarcinoma in a llama (Lama glama)
José A. Ramos-Vara, Margaret A. Miller
Abstract. An adult female llama with a comminuted fracture of the left femoral head was necropsied. A firm multinodular mass infiltrated skeletal muscle adjacent to the fracture. Multiple, firm, white nodules were in the pulmonary parenchyma and pleura. A single nodule was in the liver. Microscopically, transition from nonneoplastic bronchiolar epithelium to neoplastic epithelium that formed acinar structures was evident at bronchioloalveolar junctions. A diagnosis of pulmonary adenocarcinoma was made. Similar neoplastic tissue was in the liver and in the perifemoral mass. Immunohistochemically, neoplastic cells were positive for pan-cytokeratin, cytokeratin 7, and cytokeratin 5/6 antibodies and negative for vimentin and cytokeratins 8/18 and 20. Missouri for necropsy. This llama developed sudden lameness of the right rear limb. The attending veterinarian noticed crepitus at the right coxofemoral joint and suspected fracture of the proximal femur. Euthanasia was elected. On gross examination, this llama was in good nutritional condition and had abundant edema in the proximal subcutaneous tissue of the right thigh. A comminuted fracture of the right femoral neck completely separated the head from the diaphysis. Skeletal muscle adjacent to the fracture had focally extensive hemorrhage and fibrosis containing ill-defined and variably sized nodules. There were several liters of yellow serous fluid in the pleural cavity. Parietal and visceral pleura had numerous, 2-mm-3-cm-diameter white, firm nodules and plaques ( Fig. 1 ). In some areas, these lesions were connected by thin, white lines interpreted as lymphatics. Pulmonary parenchyma had multiple similar nodules throughout all the lobes. Some mediastinal vessels, interpreted as lymphatics, were dilated. There was a 2-cm-diameter nodule in the liver similar to those in the lung. No masses were detected in other organs, including mammary glands. The presence of pleural and pulmonary nodules suggested granulomatous inflammation or neoplasia. Therefore, although only a gross necropsy had been requested, representative samples of the lesions, but not the femoral fracture, were collected for microbiologic, histopathologic, and immunohistochemical analysis. Samples for histologic evaluation of the lung, mediastinum, heart, liver, skeletal muscle, spleen, and kidney were fixed in 10% neutral buffered formalin for 8 days before being embedded in paraffin. For immunohistochemistry, the following mouse monoclonal antibodies were applied: broad spectrum cytokeratins (CK), a vimentin, a CK 5/6, b CK 7, a CK 8/18, c and CK 20 c following immunoperoxidase procedures. 15 For the demonstration of CK 5/6, slides were pretreated with steam heat with EDTA buffer, pH 8.0. For CK 20, slides were pretreated with proteinase K. Normal llama lung in addition to standard controls for these antibodies were used as a tissue control. Microscopically, the tumor in all tissues was an infiltrative proliferation of polyhedral to round cells with fairly distinct cell limits, abundant eosinophilic or vacuolated cytoplasm, and large nuclei with reticulated chromatin and single nucleoli. In the lung, neoplastic cells formed acinar structures that resembled alveolar spaces and formed plaques and nodules in the pleura. The neoplastic growth in the pleura had abundant stroma, which was scant in the rest of the pulmonary neoplastic nodules. Some bronchioles and alveolar spaces had abrupt transition from nonneoplastic epithelium to a neoplastic phenotype (i.e., palisading, loss of cell polarity, karyomegaly) similar to that found in the tumor nodules ( Figs. 2, 3) . Histologic features were consistent with bronchiolar-alveolar carcinoma. Mitotic figures were uncommon. The hepatic nodule was similar neoplastic tissue but with a more solid pattern. The skeletal muscle mass adjacent to the right femur consisted of multiple confluent nodules of neoplastic epithelial cells with abundant stroma and areas of woven bone (Fig. 4) . Two types of multinucleated giant cells were observed: osteoclast-like cells and neoplastic syncytial cells. These were easily distinguished by immunohistochemistry (osteoclastlike giant cells were decorated with vimentin antibodies and neoplastic syncytial cells with cytokeratin antibodies). Immunohistochemically, neoplastic cells were strongly labeled with antibodies to broad-spectrum cytokeratins and more weakly with antibodies to CKs 5/6 and 7 (Fig. 5 ). Antibodies to vimentin and CKs 8/18 and 20 did not react with neoplastic cells.
Some of the tumors reported in New World camelids are gastric squamous cell carcinoma, gemistocytic astrocytoma, hemangiosarcoma, medulloepithelioma, multicentric lymphosarcoma, ossifying fibroma, uterine adenocarcinoma, anaplastic sarcoma, cutaneous and ocular squamous cell carcinoma, transitional cell carcinoma, and mammary carcinoma. 1, 3, [5] [6] [7] [8] [9] [10] [11] 13, 14, 16, [18] [19] [20] To the best of our knowledge, this is the first report of pulmonary adenocarcinoma (bronchiolar-alveolar type) in a llama. This tumor metastasized to distant sites. Though not confirmed microscopically, the femoral fracture might have resulted from neoplastic invasion. Pulmonary carcinoma can metastasize to the liver, other areas of the lung, adrenal gland, bone, kidney, and central nervous system in humans and animals. 12, 17 Lung carcinoma spreads by direct extension along airways; it grows into the pulmonary parenchyma, from where it can reach the mediastinum and pleura. There is frequent invasion of blood vessels. 17 Local or distant metastases are common in neoplastic processes of llamas. 3, 7, 9, 10, 13, 16, [18] [19] [20] Although several organs were not examined microscopically, the apparent neoplastic transformation of bronchiolar epithelium and the immunohistochemical detection of CK 7 and absence of CK 20 in neoplastic cells is consistent with the phenotype observed in human pulmonary carcinoma, particularly bronchiolar-alveolar carcinoma. 2, 21 In human and canine species, bronchiolar and alveolar epithelium is CK7ϩ/CK20Ϫ. 2, 4, 21 Pulmonary carcinomas in dogs are usually CK7Ϫ/CK20Ϫ, and in cats are CK7Ϫ/CK20ϩ. 4 It seems that the reactivity of antibodies to CKs varies among species; alternatively, differences in the technique and in the degree of cell differentiation might influence immunohistochemical results. Immunohistochemistry in this case supported the microscopic diagnosis; however, other tumors, including mammary carcinoma and cholangiocarcinoma in canine 4 and mammary carcinoma, ovarian carcinoma, endometrial carcinoma, and mesothelioma in humans, 2,21 have a similar cytokeratin profile. The woven bone in the perifemoral mass might be a response to pathologic femoral fracture or de novo production of bone by neoplastic cells.
